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Abstract
Weanalyze the performance, risk, and diversification characteristics of global screened
and best-in-class equity portfolios constructed according to Inrate’s sustainability rat-
ings. The financial performance of sustainably high-rated portfolios is similar to the
risk-adjusted market performance in terms of abnormal returns of a five-factor market
model. In contrast, low-rated portfolios exhibit negative abnormal returns. Firms with
high sustainability ratings show lower idiosyncratic risk and higher exposure toward
the high-minus-low and the conservative-minus-aggressive factor.

Keywords Sustainable portfolios · Portfolio diversification · ESG scores · Screening
approaches · Idiosyncratic risk

JEL Classification G11 · Q56

1 Introduction

Sustainable investments refer to investments that incorporate environmental, social,
and governance (ESG) criteria into investment decisions (Laurence 2013). Over the
past decades, such investments have become a major trend worldwide and continue to
grow at a steady rate (Eurosif 2018; Renneboog et al. 2008). This evolution has made
sustainable investments a key topic in financial research (see Auer and Schuhmacher
2016; Derwall et al. 2011; Renneboog et al. 2008; Utz and Wimmer 2014; Schröder
2004; Walker et al. 2014), and various aspects of these types of investments have been
scrutinized such as their performance, their risk characteristics, or the real sustainabil-
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ity impact of mutual funds labeled as sustainable. In this study, we build on existing
financial markets and portfoliomanagement literature on different kinds of sustainable
screenings (Areal et al. 2013) and investigate whether sustainably screened portfolios
exhibit diversification characteristics that are different from those of unscreened port-
folios. Furthermore, we investigate whether portfolios with different screens based
on sustainability ratings display different investment styles such as different book-to-
market ratios (see Derwall et al. 2005; Galema et al. 2008). We employ ESG data
of the Swiss sustainability rating agency Inrate to apply different levels of screen-
ing intensity. We show that portfolios comprising sustainable firms exhibit similar
risk-adjusted returns and risk measures, yet diverging investment styles and increased
diversification measures as market portfolios.

Both in academia and practice, sustainable investments are considered cautiously
due to a variety of obscurities concerning implementation, risk, performance, and
impact measurement. Indeed, a skeptic strand of the literature argues that, according
to the neoclassical economics view, firms’ role is to maximize profits. The pur-
suit of objectives different than profit maximization, such as sustainability, allocates
resources to deviating goals and ultimately leads to a suboptimal bottom line (Barnett
and Salomon 2006; Carroll and Shabana 2010; Renneboog et al. 2008). In contrast,
proponents of the benefits of sustainable investments put forward financially driven
motivation that includes riskmanagement and long-term return (see, e.g., Bouslah et al.
2013; Harjoto and Laksmana 2018). According to this view, firms with high sustain-
able scores display enhanced efficiency, achieve differentiation on the market, avoid
regulatory pressure and costs, avoid or minimize litigation risks from stakeholders,
experience improved relationships with stakeholders, and have sound management
practices (Barnett and Salomon 2006; Carroll and Shabana 2010; Verheyden et al.
2016; de Carvalho Ferreira et al. 2016; Renneboog et al. 2008). Furthermore, the
proactive approach toward risks leads to the avoidance of high scandal or crisis costs
(Kim et al. 2014; Utz 2018). These characteristics might thus translate into lower risk
that offsets possibly lower returns in a risk-adjusted performance perspective.

In our study, we use Inrate’s sustainability ratings to determine the level of sus-
tainability of firms. We integrate sustainability into investment portfolios following
the two most commonly applied strategies in sustainable investment (e.g., see, Ren-
neboog et al. 2008; Scholtens 2006): negative screens (i.e., excluding controversial
firms and industries from the investment universe) and best-in-class (i.e., concentrating
on a certain proportion of best-performing firms in each sector concerning sustainable
criteria). In the first step, we calculate different performance, risk, and diversifica-
tion measures for screened and best-in-class portfolios. Due to data availability, the
analysis period spans between October 2013 and May 2017. While we find abnor-
mal returns similar to zero for both types of portfolios in general, moderate levels of
negative screens generate abnormal returns that substantially differ from those of the
unrestricted universe. Both risk-adjusted performance and idiosyncratic risk increase
for screened portfolios with increasing selection intensity. In particular, portfolios
investing in firms of the highest five sustainability rating levels perform best over the
period in terms of diversification and risk-adjusted performance and showmetrics that
are significantly higher than the unrestricted universe. Except for the idiosyncratic
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risk, the performance metrics of best-in-class portfolios remain similar to unscreened
portfolios even for the most sustainable portfolios (best 10%).

We continue with an analysis of subsamples (“A+” to “D−”) of Inrate’s classifica-
tion to identify specific characteristics of firms’ financial profiles of different levels of
sustainability rating. Therefore, we regress daily returns of value-weighted portfolios
consisting of firms of one level of sustainability ratings on the five-factor model of
Fama and French (2015). The firms of different levels of sustainability ratings sig-
nificantly differ in terms of idiosyncratic risk defined as the root-mean-squared error.
Except for the portfolio consisting of the most sustainable stocks (rating level “A”),
all portfolios consisting of sustainability levels from “B+” to “C−” (leaning toward
more sustainability) exhibit lower levels of idiosyncratic risk than portfolios built with
stocks rated as not sustainable (rating level “D”). To control for the differing numbers
of stocks in the different portfolios, we then compute the average idiosyncratic risk for
each category and find a lower idiosyncratic risk for the portfolios with higher sustain-
ability compared to the less sustainable ones. We also document lower idiosyncratic
risk for the portfolio of rating level “A” (most sustainable). Besides, we find that more
sustainable portfolios exhibit lower levels of volatility (absolute risk) than less sus-
tainable ones. Finally, we also find evidence that unsustainable portfolios (categories
“D+” and “D”) show negative abnormal returns.

Furthermore, the paper uncovers several substantial differences in factor exposures:
Sustainable portfolios (rating level “B+”) have a stronger bias toward small stocks and
growth stocks than not-sustainable portfolios (rating levels “D” and “D−”).Moreover,
high- and low-sustainability portfolios consist of firmswith robust profitability. Finally,
the pattern of the exposure to the investment factor indicates a nonlinear relationship
between the level of the sustainability rating and the factor exposure. Sustainable
portfolios (rating levels “A” and “B”) exhibit a positive exposure to the investment
risk factor, indicating a conservative investment behavior. In contrast, portfolios in the
middle sustainability range (rating levels “C+,” “C,” “C−,” and “D+”) have negative
coefficients.

This paper contributes to the existing literature in several ways. First, the novel
dataset of Inrate sustainability ratings enables us to comprehensively add to the dis-
cussion of the effect of sustainable screening on portfolio performance, portfolio
diversification, and risk factor exposures. From an asset pricing perspective, the results
indicate that sustainable investments generate at least no financial cost in terms of
risk-adjusted performance. Indeed, firms rated as being unsustainable show a negative
performance compared to the market premium. Our empirical setting differs mainly
from two streams of studies: (1) studies that investigate the relationship between cor-
porate sustainable and financial performance (see, e.g., Friede et al. 2015; Humphrey
et al. 2012) and (2) studies focusing on sustainability as an additional risk factor (see,
e.g., Ziegler et al. 2007; von Arx and Ziegler 2014; Bolton and Kacperczyk 2019;
Braun et al. 2019; Cao et al. 2019; Cheema-Fox et al. 2019; In et al. 2019; Zerbib
2020).

Regarding the first stream of literature, we contribute by providing first evidence on
the relationship between different levels of sustainability performance and portfolio
diversification as well as risk factor exposures. The validity of the empirical results
of the second stream of literature is exposed to data limitations and thus faces the
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challenge to pass the selection criteria for a well-established additional risk factor
(Lioui 2019; Fama and French 2018; Harvey et al. 2016). It is not the scope of our
study to identify a valid sustainability factor. Indeed, we avoid to assume a linear
relationship between sustainability and financial performance aswell as diversification
and risk measures by investigating different sustainably leveled groups of firms and
thus mainly allow a nonlinear relationship (see, e.g., Barnett and Salomon 2006).

Second, from the portfolio manager perspective, we present a discussion on
diversification characteristics and factor exposures of sustainable and unsustainable
portfolios. This discussion contains valuable insights about the compatibility of sus-
tainable themes with traditional financial risk factors, i.e., a deeper understanding of
the characteristics of the financial profile of sustainably screened investment port-
folios. In particular, the risk dimension and the investment style vary substantially
between portfolios with different levels of sustainability ratings. The main conclusion
for portfolio managers regards the fact that investments in sustainable screened port-
folios do not suffer in terms of risk-adjusted performance. It also shows that firms with
more sustainability tend to bear the less firm-specific risk.

The remainder of the paper is organized as follows. Section 2 presents the concepts
of sustainability, sustainable investments, and a literature review. We continue with an
introduction to our dataset in Sect. 3. Section 4 lays out themethodological framework,
presents the results, and their implications. In Sect. 5, we show the robustness of our
results and discuss some research limitations. Section 6 concludes the paper.

2 Sustainability, sustainable investments, and their characteristics

Sustainability as a term is used in a multitude of fields and by many different actors
(Pufé 2014), yet with a certain degree of ‘conceptual fuzziness’ (Eccles and Viviers
2011). Indeed, a myriad of terms is used to describe investment practices that incor-
porate environmental, social, and governance factors. In this section, we precisely
explain the framework in which we use the term sustainability.

2.1 The concept of sustainability

Hans Carl von Carlowitz introduced the term sustainability in his work about forestry,
Sylvicultura Oeconomica, in 1713. Carlowitz, responsible for the management of
forests, describedwith sustainability the smart exploitation of forestswhere the harvest
of wood and plantation of trees should be undertaken together to ensure a sufficient
resource of timber in the future (see Pufé 2014; Kuhlman and Farrington 2010; Staub-
Bisang 2012). This principle will sound familiar to an economist since the scarcity of
resources, and the allocation thereof is one of the central problems economics deal
with (Kuhlman and Farrington 2010).

According to the management of scarce resources, the second half of the twentieth
century was marked by the unprecedented development of human activity—referred
to as ‘the great acceleration’ (Steffen et al. 2004; McNeill and Engelke 2014)—and
its effects became increasingly apparent. Under such circumstances, the concept of
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sustainability gained increasing interest in the public sphere and among international
bodies. Following the 1987 Brundtland report1 aiming at giving a universal definition
of sustainability and based on the United Nations’ Agenda 212, sustainability was
further defined and came to be understood as having three pillars: economic, social,
and environmental (Kanning 2013; Gabriel 2014; Kuhlman and Farrington 2010; Pufé
2014). The economic dimension can be broadly defined as enabling a productive
economic activity to ensure growth and development. The social dimension addresses
the empowerment, inclusion, and fair treatment of all stakeholders. The environmental
dimension amounts to using efficiently and preserving the resources to ensure long-
term well-being (Kanning 2013; Kuhlman and Farrington 2010).

In the business world, the three pillars of sustainability are embodied by the triple
bottom line approach, which underlines the three-dimensional responsibility of firms:
profit, people, planet (Hahn 2013; Kuhlman and Farrington 2010). Firms usually
implement the triple bottom line through their corporate social responsibility (CSR)3

programs (Pufé 2014). Hence, sustainability in the business world goes beyond the
unique goal of firms (shareholder view) tomake profits and thusmaximize shareholder
value, which is embodied by the far-famed view of Friedman (1962) that ‘the social
responsibility of business is to increase its profits.’ It represents an extended role given
to and required from firms to consider the externalities it produces through economic
activity on society and the environment (stakeholder view), which is shaped by evolv-
ing standard views on the position of the business world in society (Van Marrewijk
2003; Pufé 2014).

2.2 Sustainable investments

Parallel to the concern over sustainability issues in the business world, investors have
also been considering such aspects when choosing firms to invest in (Laurence 2013).
Precursors to sustainable investment find their roots in ethics, politics, and religion.
With the growing concerns for sustainability in the second half of the twentieth century
and because of scandals of criminal corporate practices such as the cases of Enron and
Worldcom in the USA or Parmalat in Italy (2001, 2002, and 2003 respectively), an
increasing number of investors have started paying attention to extra-financial criteria
related to sustainability (Renneboog et al. 2008). Investment practices taking into
account these criteria are usually referred to as investments applying environmental,
social, and governance (ESG) criteria (Laurence 2013; Renneboog et al. 2008).

1 The United Nations, under the stewardship of the World Commission on Environment and Development,
addressed the term of sustainability in the 1987 report ‘Our Common Future,’ which came to be known as
the Brundtland Report, and gave it the following commonly accepted definition: Sustainable development
is a development that meets the needs of the present without compromising the ability of future generations
to meet their own needs (World Commission on Environment and Development 1987; Staub-Bisang 2012).
2 Agenda 21—‘21’ stands for the twenty-first century—is the action plan of theUnitedNations to concretize
the steps necessary to implement sustainable development in various levels of society (e.g., governments,
NGOs, businesses). It is the result of the first UN Conference on Environment and Development in Rio de
Janeiro in 1992 (Pufé 2014).
3 Many similar terms are used to describe the efforts of firms in terms of sustainability, which include
corporate sustainability, corporate responsibility, and corporate citizenship.
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The tripartite structure of ESG criteria is closely related to the three pillars of
sustainability in terms of the triple bottom line approach (planet, people, profits),
whereby the (corporate) governance criterion has replaced the economic one since
ESG criteria4 explicitly consider extra-financial factors (United Nations Environment
Programme Finance Initiative 2010). Other terms describing investments considering
extra-financial information include socially responsible investment, ethical invest-
ment, responsible investment, and sustainable investment (see, e.g., Eccles andViviers
2011; Eurosif 2018; Laurence 2013).

Several strategies exist to build sustainable investments. Negative screening, con-
sidered as the oldest strategy, consists of excluding stocks or sectors from the investable
universe because they fail to meet ESG criteria. Positive screening works in the oppo-
site direction. Instead of excluding investments, positive screening explicitly includes
investments when they meet ESG standards. After the application of a positive screen-
ing approach, investors construct their portfolios based on financial objectives on the
available universe. A variation of the positive screening approach is called the best-in-
class strategy. In this case, the positive screening is applied separately on the sectors
or industries of the universe, and the goal is to foster competition among firms in the
same sectors (Eurosif 2018; Renneboog et al. 2008; Staub-Bisang 2012).

2.3 Sustainable investments’ characteristics: a literature review

Investors’ perception of the financial profile of sustainable investments plays an essen-
tial role in the investment decision. Value-driven investorsmight accept lower financial
performance for sustainable investments because of the extra-financial utility they
receive from such investments (Levitt and List 2007). This extra-financial utility turns
into an increase in demand for sustainable investments since value-driven investors
reward sustainable firms while avoiding less sustainable ones. Due to the assumed
imperfection of demand curves’ elasticity, stock prices will move accordingly. Fur-
thermore, a smaller investor base bears the risk of shunned firms’ stocks, limiting
risk-sharing opportunities. These effects will affect expected return and thus the cost
of capital, which will be lower for sustainable firms (Derwall et al. 2011; Heinkel et al.
2001; Revelli and Viviani 2015) and thus gives such firms more leeway to invest in
beneficial projects.

Opponents of this view argue that such sustainable investors might not be large
enough in numbers to produce the described effects (Derwall et al. 2011; Heinkel et al.
2001; Hudson 2005). Nevertheless, sustainable investments might display superior
characteristics because firms with high sustainable scores display enhanced efficiency,
achieve differentiation on the market, avoid regulatory pressure and costs, avoid or
minimize litigation risks from stakeholders, experience improved relationships with
stakeholders, and have sound management practices (Barnett and Salomon 2006;
Carroll and Shabana 2010; Verheyden et al. 2016; de Carvalho Ferreira et al. 2016;

4 The use of these broadly defined concepts to assess the extra-financial information of investments is well
established (Eccles 2010), even though the scope of criteria and types of indicators used to vary and depend
on the institution and the country (United Nations Principles for Responsible Investment 2017; Eurosif
2018).
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Renneboog et al. 2008). High ESG scores might also be linked to good managerial
quality. Moreover, the proactive approach toward risks leads to the avoidance of high
scandal and crisis costs, which can translate into lower risk.

In line with the neoclassical economics view, sustainable firms generate subcom-
mercial returns. According to this view, the role of a firm to maximize profits and the
pursuit of goals related to sustainability allocate resources to other purposes, which
ultimately leads to a suboptimal bottom line (Barnett and Salomon 2006; Carroll and
Shabana 2010;Renneboog et al. 2008). Furthermore, sustainable screening approaches
reduce the number of stocks in an investment universe. According to the modern port-
folio theory, constrained universes cannot be more diversified than the conventional
market portfolio (Markowitz 1952; Adler and Kritzman 2008). Thus, the applica-
tion of sustainable screenings shifts the mean-variance frontier toward less favorable
risk–return opportunities. In contrast, Diltz (1995) concludes that less diversification
caused by sustainable investment styles has almost no effect due to the efficiency and
size of the market. In particular, the incomplete information model of Merton (1987)
states that portfolios of assets with concentrated information are superior to holding
the market portfolio (Barnett and Salomon 2006; Bauer et al. 2005; Renneboog et al.
2008; Revelli and Viviani 2015; Sauer 1997).

A major debate in sustainable investment literature relates to the performance of
such investments (Capelle-Blancard andMonjon 2012), even though very few research
exists on the effect on diversification (Pizzutilo 2017). Some exceptions (e.g., Kempf
and Osthoff 2007; Verheyden et al. 2016) find a higher risk-adjusted performance and
little diversification constraints of portfolios screened concerning ESG best-in-class
approach in a global study. Pizzutilo (2017) investigates the level of idiosyncratic
risk a sustainable portfolio bears and finds constraints for diversification in the sus-
tainable index family of the MSCI. Particularly for sustainably screened portfolios
with high screening intensity, a documented loss in diversification exists (Capelle-
Blancard and Monjon 2014; Humphrey and Tan 2014). On a stock level, stocks with
low-sustainability assessments exhibit higher firm-specific risk, which is compensated
by higher returns (Lee and Faff 2009). We add to this literature by studying diversi-
fication, performance, and investment styles characteristics of portfolios with various
sustainability screens.

3 Data

Our sample contains listed firms from the MSCI ACWI, and additionally, some listed
stocks not included in the MSCI ACWI from Switzerland, Argentina, Luxemburg,
Morocco, and Togo. For these stocks, we have ESG ratings from Inrate, a Swiss
sustainability rating agency, for a period ranging from October 2013 to May 2017.
Inrate covers more than 3000 firms (both equity and debt) worldwide (including both
developed and emerging markets), thereby not limiting itself to a geographic region
or country. Inrate’s ESG ratings consider both the products and the corporate social
responsibility (CSR) of firms by evaluating a broad variety of criteria. Overall, 147
criteria determine in the subcategories of environment, labor, governance, and society
(Schwegler 2018). The aggregation of these criteria results in a firm’s ESG score. Each
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criterion and the aggregate ESG score range on a scale from “A+” to “D−.”5 The A-
range denotes a firm to be “sustainable,” B-rangemeans “on the path to sustainability,”
C-range is a synonym of “not sustainable, but with less negative impact,” and D-range
includes ‘not sustainable’ firms (Schwegler 2018). The default updating frequency of
Inrate’s ratings is yearly. However, if substantial new information is available during
the year, the update frequency varies between yearly, half-yearly, and quarterly.

ESG scores are not without criticism. For instance, Drempetic et al. (2019) doc-
ument a size bias for rated universes. Moreover, high ratings for corporate social
responsibility may result from sustainable compensation actions of firms for their
high corporate social irresponsibility in certain aspects (such as tobacco, see, e.g.,
Kotchen and Moon 2012). Thus, measures for positive corporate social performance
and negative controversies should be considered separately (Mattingly and Berman
2006).

The Inratemethodology captures such critics to some extent by considering a variety
of sources and criteria. It goes beyond usual sustainability ratings by explicitly consid-
ering the product lifecycle impact on the environment and society besides to the typical
CSR indicators used. The assessments for the product and the CSR dimensions are
reported separately. The evaluation criteria in the product pillar are the environmental
and social impact of the products and services. For CSR, Inrate considers the three
classic pillars of sustainability (environment, social, and governance). Inrate’s ESG
ratings follow a clear modular strategy, and the layout of its method is transparent
to users. The assessment of each subcategory and the final aggregate ESG score is
based on a scale ranging from “A+” to “D−.” Inrate rates companies without limits
to a geographic region, thus enabling the analysis of global portfolios. Nevertheless,
Inrate’s ratings are rarely used in research on sustainable investments using ESG rat-
ings. Thus, employing this new dataset provides robustness for existing evidence on
the impact of considering extra-financial information in portfolio choice (see, e.g.,
Auer and Schuhmacher 2016; Hong and Kacperczyk 2009; Kempf and Osthoff 2007).

Besides ESG ratings, we also receive country and industry characteristics of the
sample firms from Inrate. We augment our dataset with daily stock prices (in USD),
total return indices, book-to-market ratios, market capitalization (in USD), and lever-
age ratios fromThomsonReutersDatastream.We retrieve the global factor returns (the
market portfolio, the small-minus-big factor, high-minus-low factor, robust-minus-
weak factor, and conservative-minus-aggressive factor) from the Kenneth French Data
Library6. The risk-free rate stems from the French Data Library and is the US one-
month T-bill rate.

Table 1 presents the descriptive statistics of each rating level and the entire uni-
verse. The values reported are sample period averages of the cross-sectional means
(and standard deviations in parentheses). No firm in the panel achieves the highest sus-
tainability rating category, “A+,” over the sample period. Because of the small scope
of the “A”-rating category, which counts on average three firms, we merge it with the

5 A paper written by Schwegler (2018) can be found online under https://www.inrate.com/cm_data/inrate_
methodology_paper_newdesign_02.pdf.
Additional information on Inrate’s rating methodology can also be found under https://www.inrate.com/
en/esg-impact-ratings.html.
6 The data is from mba.tuck.dartmouth.edu/pages/faculty/ken.french.
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“A−” category for subsequent analysis and name this category “A.” This gives an aver-
age of 33 firms in this new “A” category and a total number of ten categories (A, B+,
B, B−, C+, C, C−, D+, D, D−). The number of firms is highest for the middle-range
ratings (highest in “B−,” “C+,” “C”) and decreases from the center to the sides. The
share of firms from developed markets is highest for the most sustainable firms and
decreases with the sustainability level. The market value remains relatively constant
over the categories except for the “D” and “D−” ratings that are dominated by large
capitalization. On subcategory level, the scores of governance are substantially higher
than the scores of the three other subcategories, especially for low-rated (“D−” to
“B+”) firms. We also report on the migration probabilities between rating levels in
Table 1. The probability of improving the firm rating is higher than for a downgrade
for all rating categories between “B” and “D−.” The highest rating category “A” seems
to be quite resilient to considerable changes as no firm has moved to a rating lower
than “A−” from one update to another.

4 Empirical design and results

4.1 Portfolio construction

We start our analysis by mimicking the usual negative screening and best-in-class
approaches to generate sustainable investments. For the negative screening strategy,
we construct the investment universe by excluding firms with overall ESG ratings
lower than a certain threshold. In particular, we create ten investment universes, the
first consisting of all firms (with ratings from “A” to “D−”). With increasing screening
intensity, we raise the sustainable requirements by one for each subsequent investment
universe and exclude the respectively lowest level of ESG ratings consecutively. Thus,
the second investment universe consists of all firms with ESG rating from “A” to “D.”
The last investment universe comprises all firms with ESG rating “A.” The portfolio
for each level of screening intensity is a value-weighted portfolio of all firms included
in the respective investment subuniverse (following Auer and Schuhmacher 2016;
Kempf and Osthoff 2007). Inrate published rating updates on 30.09.2013, 31.03.2014,
31.03.2015, 30.09.2015, 31.03.2016, 31.12.2016, and 31.03.2017, and we update our
screening results and rebalance the portfolios accordingly.

For our second screening approach, the best-in-class strategy, we select the best
x% firms in terms of sustainability in each sector. Due to the low variation among
the ESG rating, we employ the Inrate’s product assessment and social impact rating
as the sustainability assessment to determine the best x%. This score measures the
impact on sustainability and society of the firms’ products and services throughout
their life cycles (Schwegler 2018). We choose to have ten steps of 10% each. The first
universe thus selects the best 100% firms of each sector, i.e., all stocks. The second
broadest universe contains the best 90% of each sector. We generate value-weighted
portfolios of the resulting investment subuniverses that we rebalance at the screening
update dates.
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4.2 Statistical inference using block bootstrap

We apply a bootstrap approach to test for statistical inference of our results. A vast
strand of literature documents the improved accuracy of bootstrapping compared to
using asymptotic normality (see, e.g., Auer and Schuhmacher 2016; Lahiri 2003).
The statistics under scrutiny in this paper are, among others, the coefficients and
the error term of the five-factor asset pricing model suggested by Fama and French
(2015). To be able to conduct the regression on each of the bootstrapped samples, the
returns of the portfolios and the different factors are bootstrapped in pairs to preserve
the relationship (Davison and Kuonen 2002; Fox 2015; Lai and Xing 2008). For this
purpose and building uponDichtl et al. (2014) and Ledoit andWolf (2008), we employ
the stationary block bootstrap of Politis and Romano (1994).

This method, which preserves most of the time-series properties (Dichtl et al.
2014), randomly picks blocks of returns from the historical time series of returns
(with replacement) and combines them into a new bootstrapped sample of the same
length as the original sample. The size of the block length is randomly defined from
a geometrical distribution with an expected value of 2 following Dichtl et al. (2014);
Patton et al. (2009); Politis and White (2004). Another feature of the bootstrapping
method applied in the paper is its circularity, meaning that the blocks encompassing
returns at the end of the historical sample will continue at the beginning of the his-
torical sample. This approach ensures that the returns appear in an equal-distributed
fashion in the bootstrapped samples. According to Ledoit andWolf (2008), our choice
of 5000 for the number of simulations is sufficient for practical purposes.

4.3 Main results on portfolio characteristics

Table 2 contains the portfolio characteristics of the negative screening portfolios,
the best-in-class portfolios, and the unrestricted investment universe acting as a
benchmark portfolio. The first column shows the annualized mean excess return
μ̄ = (

T
√

(1 + R1) . . . (1 + RT )
)m − 1 where Ri represent the excess returns in period

i , T is the number of periods i in the estimation window, and m is the factor in annu-
alizing the estimates (e.g., for monthly returns m = 12). The second column presents
the annualized standard deviation of excess returns σ̄ , and the third column reports
the Sharpe ratio SR = μ̄/σ̄ . For the screened portfolios, the annualized excess return
increases with the screening intensity. The standard deviation of the excess returns is
rather stable at the level of the one of the unrestricted universe, except for the port-
folio comprising of “A”-rated firms (12.82). Moreover, negative-screened portfolios
tend to have higher Sharpe ratios than the unrestricted universe. However, based on
bootstrapped statistical inference, only portfolios with screening intensities “A to D+”
to “A to C+” have Sharpe ratios that statistically are different from the unrestricted
universe. For the best-in-class portfolios, we find Sharpe ratios very close to that of
the unrestricted universe.

One caveat of actively managed portfolios such as sustainable investments is a
comparatively high level of turnover. To assess the amount of trading required for
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our investment strategies, we compute the average of the turnover ratio (τ ) at each
rebalancing date following DeMiguel et al. (2009):

τ =
N∑

i=1

(|wi,t+1 − wi,t+ |) (1)

wi,t+1 represents the portfolio weight for each asset i before the rebalancing at the
end of the rebalancing period t and wi,t+ is the weight after the rebalancing, but
before t + 1 has started. We define turnover as the sum of the absolute value of the
rebalancing movements across all assets. Column “Turnover” of Table 2 contains the
annualized values of the turnover ratio. Turnover rates increase with higher levels
of sustainability intensity. In absolute values, turnover rates are higher than the ones
reported in DeMiguel et al. (2009) for the 1/N portfolio, yet for the actively man-
aged portfolios reasonably small compared to the results of DeMiguel et al. (2009).
Although we analyze value-weighted portfolios, turnover rates are different from zero
since the constituents list of the respective investment universe varies with rating up-
and downgrades.

Column “Abn. ret. (%)” of Table 2 contains the abnormal return. The abnormal
return is calculated using the five-factor asset pricing model of Fama and French
(2015):

Ri,t − R f ,t = ai + bi (RM,t − R f ,t ) + si RSMB,t

+ hi RHML,t + ri RRMW,t + ci RCMA,t + ei,t
(2)

ai represents the abnormal return of portfolio i . (RM,t − R f ,t ) represents the excess
return of the market index, RSMB is the return of the small-minus-big portfolio, a
zero-investment portfolio long in stocks with small capitalization and short in stocks
with large capitalization, and RHML is the return of the high-minus-low portfolio, i.e.,
high book-to-market value against low book-to-market value. The remaining two risk
factors are RRMW and RCMA, which stand for robust-minus-weak and conservative-
minus-aggressive, respectively. The former represents the excess return of robust
profitability stocks against weak profitability stocks (profitability factor). The latter
factor is long in firms with low-investment activities and short in those with high-
investment activities.

While screened portfolios with high sustainability intensity show positive abnormal
returns, best-in-class portfolios (except the one with the best 10%) generate negative
abnormal returns. The abnormal return increases with the screening intensity. Com-
pared with the unrestricted universe, only moderately screened portfolios (“A to D+”
to “A to C”) exhibit significantly (at 5% significance level) higher abnormal returns.
Best-in-class portfolios exhibit no abnormal returns different from the unrestricted
universe. Thus, the results provide supporting evidence for the no-linkage hypothe-
sis, in general. This hypothesis argues that there is no significant difference between
risk-adjusted performance (alpha) of portfolios exhibiting varying sustainability lev-
els (Lee et al. 2013). The fact that portfolios consisting of sustainable firms (positive
screening) earn higher returns is in line with Statman and Glushkov (2009). They find
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higher expected excess returns of sustainable portfolios compared to conventional
investments for a US sample.

Furthermore, Table 2, Column 7, reports upon the idiosyncratic risk of the different
sustainability levels. We follow Lee and Faff (2009) and use the root-mean-squared
error (RMSE) from the five-factor model (Eq. 2) to determine idiosyncratic risk.
Idiosyncratic risk of the portfolio is the risk which is not compensated by financial
return and indicates the level of diversificationof a portfolio. Screened andbest-in-class
portfolios (including more than 1000 firms) exhibit a similar level of the idiosyncratic
risk to the unrestricted universe. Idiosyncratic risk increases for screening levels with
a lower number of stocks, i.e., for higher sustainable rating intensity.

In summary, the results of Table 2 show that screened portfolios with mildly restric-
tive screening intensity show positive performance and diversification characteristics
when compared to the unrestricted universe. These portfolios exhibit a similar expo-
sure to countries and sectors. In particular, portfolios with a negative screening level
of “A to C+” comprise firms of all sectors and almost all countries (47 out of 49).7

Increasing the sustainable screening intensity from “A to C+” causes a rapid decrease
in the number of countries. This effect can be observed in the increasing idiosyncratic
risk and general risk. The last column of Table 2 contains the share of stocks from
developed markets (DM). This share increases with higher sustainability screening
intensity.

The main characteristic of best-in-class portfolios—due to their construction—is
the occurrence of all sectors regardless of the screening intensity. We find lower vari-
ability in returns between the different universes compared to screened portfolios.
Moreover, for best-in-class portfolios, we find no positive relationship between the
Sharpe ratio and screening intensity. The best performing portfolio is the one contain-
ing the best 40% of stocks with 0.71 and decreases onward with selection intensity. In
terms of diversification, the number of countries and stocks differs from the screened
portfolios. The portfolios consisting of the best 10% of stocks contain, on average,
265 stocks from 37 countries. The idiosyncratic risk increases together with selection
intensity but remains low. The portfolios comprising at least the best 40% of firms
have an idiosyncratic risk similar to that of the entire universe. From a risk-taking
perspective, the portfolio-specific risk an investor accepts when investing sustainably
(until the 40% threshold) is similar to the one of the unrestricted universe. Analog
to the screened portfolios, we detect a positive relationship between the screening
intensity and both the share of stocks from developed markets and portfolio turnover.

The results of the best-in-class portfolios also support the no-linkage hypothe-
sis. Since screened and best-in-class portfolios exhibit different numbers of stocks in
certain levels of screening intensity, a direct comparison has to be applied with cau-
tion. The best-in-class approach appears to generate portfolios with a higher level of
diversification (in terms of idiosyncratic risk) compared with the screened portfolios
on a first glance. However, as soon as we relate the performance and diversification
measures of best-in-class portfolios to screened portfolios with a similar number of
stocks, screened portfolios exhibit higher returns, lower standard deviations, higher
Sharpe ratios, and lower turnover. The results indicate the financial characteristics of

7 The unrestricted universe includes firms from 49 countries.
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sustainably screened portfolios in general. The approach is aligned with the practical
applications of investors. Nevertheless, this approach does not allow us to conclude
the characteristics of specific sustainability rating levels. Therefore, we continue with
an analysis of the differences between firms of separate sustainability levels in the
next section.

4.4 Discussion on portfolio characteristics of separate sustainability levels

Table 3 reports upon the annualized value-weighted portfolio characteristics derived
from the historical realizations and the coefficients estimated in Fama and French
(2015) five-factor models. Additionally, we illustrate the results of the bootstrap sim-
ulations in Fig. 1. We bootstrapped confidence intervals for all statistics. Due to the
nature of bootstrapping, these intervals arewider than the ones of the regressionmodel,
and thus statistical inference is more robust.

The groups of firms with the lowest average return and the highest risk are sustain-
ability levels “D” and “D+.” The rating categories with the highest number of stocks
(between “B” and “C−”) have the lowest levels of volatility and idiosyncratic risk
because of the diversification gains from the high number of firms. The turnover ratio,
which informs about how much of the portfolio has been traded over a year, is highest
for the ratings “A” and “B+” and lowest for the “D−” rating.

Our measure for idiosyncratic risk is the root-mean-squared error (RMSE) of the
Fama and French (2015) model. The reduction of idiosyncratic risk for firms with
ESG ratings confirms a risk-reducing effect of high sustainability (Derwall et al. 2011;
Humphrey and Tan 2014; Lee and Faff 2009; Utz 2018). As expected, the portfolios
with a higher number of stocks have a better diversification resulting in lower idiosyn-
cratic risk. The diversification benefits stemming from larger portfolios likely outweigh
the gains from the high sustainability ratings at this point (“D+” has 152 stocks on
average, whereas “A” has 33). When comparing portfolios with a similar number of
stocks, for instance, “B+” (146 stocks) with “D+” (152 stocks), the idiosyncratic risk
is significantly higher for less sustainable portfolios.

To control for the different portfolio sizes (“D−,” the least sustainable category,
has an average of ten firms, while category “C+” has 566 firms on average) and the
associated gains in diversification that arise, we compute the idiosyncratic risk for each
firm and each subperiod (i.e., in-between rating updates) and then compute the aver-
age, value-weighted RMSE for each category. So doing, we can observe the average
level of idiosyncratic risk for each category independent of the size of the portfolio.
Again, the results show clear indications in favor of the risk-reducing effect of high
sustainability. Firms from the most sustainable category (“A”) have the second-lowest
average idiosyncratic risk of the ten categories; firms from the second-most sustainable
category (“B+”) exhibit the third-lowest average idiosyncratic risk. Category “D−”
has the lowest level. This finding is mainly biased by one large US retail firm that
covers almost half of the portfolio weight of this category (44–54% depending on
the time interval) and has a comparably low idiosyncratic risk. When excluding this
firm, the average RMSE among category “D−” firms goes up to 0.0142, which is the
second-highest RMSE of all categories. This additional analysis thus provides us with
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Fig. 1 Value-weighted portfolios bootstrap coefficient estimates: means and confidence intervals

additional evidence that more sustainable firms are less prone to idiosyncratic risk
than categories made of less sustainable firms. Performing two-sample t-tests on the
RMSE levels for the different categories, the hypothesis that the RMSE of the different
categories come from a normal distribution with equal means can be rejected a the 5%
level for the majority of pairs.

We also find that the most sustainable portfolio has volatility much lower than that
of the “D” portfolio, while both consist of a comparable number of stocks. To study
the absolute risk levels, we proceed with the same above-mentioned method to test
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for the absolute level of risk (volatility) for the different portfolios on firm-level and
compute the average, value-weighted, annualized daily volatility for each category
to observe the absolute risk characteristics independent of the number of stocks in
the portfolio. Again, we find that the portfolio with the highest sustainability (“A”)
displays the lowest volatility after the least sustainable one. The reason is the same as
before: The least sustainable is dominated by a large US retail firm, which exhibits low
volatility.Without this firm, the volatility of category “D−” is substantially higher than
that of category “A.” The results provide the same insight again: The more sustainable
categories (“A” and “B+”) have levels of risk—measured as volatility—lower than
that of less sustainable portfolios (“D+” and “D” for instance). Again, those results
are statistically significant at the 5% level for most pairs when performing the two-
sample t-test for the different combinations.

Moreover, we find clear evidence that firms of rating level “D+” are the only
group that has a higher exposure to systematic risk than the market portfolio, i.e., the
market beta (1.09) is significantly higher than one. The coefficients of the SMB (small-
minus-big) risk factor indicate that the lower the sustainability rating is, the larger
the firms are. Although value-weighted portfolios favor large stocks by definition,
the “B+” portfolio has a significant bias toward small stocks, which is in line with
the findings of Bauer et al. (2005) on ethical funds. In general, the majority of the
different rating levels comprise large caps due to the significantly negative coefficients
of the size factor in six out of ten levels. The factor loadings on the HML factor are
negative for high sustainability ratings and positive for low sustainability ratings.
Thus, growth stocks tend to have higher sustainability ratings, while the portfolios
of low sustainability rating levels have a bias toward value stocks. Firms with high
sustainability ratings often offer products and services with an orientation to the future
supporting sustainable development. This finding is consistent with the growth bias of
sustainably top-rated portfolios. The profitability factor is nonnegative for all the rating
levels. However, portfolios with high and low sustainability ratings show positive
significant coefficients indicating a bias to robust firms.

Finally, the investment risk factor indicates a nonlinear relationship between the
rating level and the factor exposure. The portfolio of rating level “B” shows a positive
significant coefficient indicating conservative investment behavior. In contrast, portfo-
lios of rating levels “C+,” “C,” “C−,” and “D+” show significant negative coefficients
indicating aggressive investment behavior. “D” and “D−” portfolios have insignifi-
cantly positive coefficients. A possible explanation regards the fact that firms with a
high level of sustainability have more future-oriented management, and managers are
less likely to deviate from optimal risk-taking levels (Harjoto and Laksmana 2018).

In summary, we find that investors have no cost to invest sustainably in terms
of abnormal returns. This finding supports the no-linkage hypothesis, yet does not
support the curvilinear relationship between financial and sustainability performance
(Barnett and Salomon 2006), for instance. Nevertheless, our study is no contradiction
to such earlier findings since our sample selection (stocks vs. screened SRI funds),
our observation period (2013–2017 vs. 1972–2000), and the calculation of abnormal
returns (Fama and French (2015) model vs. capital asset pricing model) substantially
differ from earlier studies. Indeed, our results show that portfolios built upon the
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unsustainable firms of rating levels “D+” (at the 5% level) and “D” (at the 1% level)
show below market-rate returns.

5 Robustness checks and research limitations

5.1 Robustness checks

Since specific choices in the data selection and themethodological approachmay influ-
ence the results, we apply several robustness checks. First, we change the rebalancing
frequency of our portfolios since the rebalancing frequency may impact the perfor-
mance of a strategy. The frequency used in our analysiswas to rebalance after an update
in the Inrate database. The periodicity of these updates is not equidistant ranging from
3months to 6, 9, and 12months. For this robustness check, we applymonthly rebalanc-
ing for the portfolio construction. The rebalancing frequency does not change the con-
clusions of the analysis above, and all values keep the same qualitative values (signs).

As a second robustness check, we base our sample on weekly returns instead of
daily returns. This approach may alleviate the effects of different opening hours. We
run all analyses based on weekly returns and find that this additional robustness test
does not change the results qualitatively.

Finally, the construction of the chosen portfolio might also influence the results.
To account for this, we apply equal-weighted portfolios instead of value-weighted
portfolios and perform the same tests. The overall results do not differ substantially.
Comparing the results of the two methods, we find that value-weighted construction
produces higher performance and risk measures for single-category portfolios at the
extremes. At the same time, the equal-weighted portfolios do so for portfolios in
the middle range. We also find that equal-weighted portfolios generally carry a more
substantial share of idiosyncratic risk. In particular, equalweighting of thefirms instead
of value weighting for the computation of the RMSE makes the idiosyncratic risk for
the most sustainable category (“A”) higher. However, we still observe a clear pattern
of higher sustainability categories (“A,” “B+,” “B,” “B−”) having a lower risk than the
less sustainable ones (“C−,” “D+,” “D,” “D−”). This confirms our finding that high
sustainability lowers idiosyncratic risk. Looking at the volatility on stock’s level for
each category [Std (st.) in Table 4], the alternative weighting confirms that categories
with higher sustainability (“A,” “B+,” “B,” “B−”) have a lower absolute risk (measured
as volatility) than less sustainable categories (“C−,” “D+,” “D”).

Furthermore, equal-weighted portfolios are more positively related to the SMB fac-
tor. Another deviation in factor exposure between value-weighted and equal-weighted
portfolios occurs with the investment factor. It becomes significant and positive for
low-rated portfolios, hinting at the fact that smaller unsustainable firms tend to invest
more aggressively than larger unsustainable ones.
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5.2 Research limitations

One limitation of this study is the different country coverage of global factor returns
from the Kenneth French Data Library, including 23 developed markets8, and the
Inrate ratings, including firms from 49 countries. Fama and French (2015) factors
focus on developed markets. Moreover, local factors are better at explaining asset
returns (Fama and French 2012; Griffin 2002). Although our analysis might fail to
optimally explain the returns of international portfolios composed of stocks from
developed and emerging countries, the global factors might at least partially capture
the region-specific effects for themajority of the stocks being from developedmarkets.
A second limitation is the relatively short observation period of approximately four
years betweenOctober 2013 toMay 2017. The observation period does neither include
systematic tail events such as an economic crisis nor covers a full economic cycle.
However, it does cover more turbulent market phases (Q4 2015 to Q1 2016).

6 Conclusion

This paper investigates the performance, risk, and diversification characteristics of sus-
tainable investments. Notably, we seek to answer the question of whether portfolios
with varying sustainability levels display different investment styles andwhether more
sustainable portfolios carry less unsystematic risk than less sustainable portfolios.
Using a novel sustainability rating dataset from Inrate, we build value-weighted port-
folios according to both the screening approach and the best-in-class approach for the
period ranging fromOctober 2013 toMay 2017. The results on portfolio level indicate
that portfolios with high levels of sustainability suffer from increasing idiosyncratic
riskwhen the screening intensity increases, which is due to the reduction in the number
of available stocks; the Sharpe ratio and the return increase, however. The best-in-class
approach to sustainability implementation provides higher levels of diversification
(compared to negative screening) even for portfolios with high screening intensity
since more firms and different sectors are considered in the final investment decision.
The abnormal return from the five-factor model of Fama and French (2015) is close to
the ones of the unrestricted universe for any of the portfolios. Thus, these findings are
in favor of the no-linkage hypothesis between financial performance and the level of
sustainability of a portfolio. Considering the different sustainability rating categories
separately, we find that the firms of the more sustainable portfolios have significantly
lower levels of idiosyncratic and absolute risk. This finding supports the risk-reducing
characteristics of high sustainably-rated firms. Moreover, we find higher exposure
toward the high-minus-low and to the conservative-minus-aggressive factor for more
sustainable portfolios. Finally, we document that low-rated portfolios underperform
higher rated ones in terms of abnormal return.

8 Australia, Austria, Belgium, Canada, Germany, Denmark, Finland, France, Great Britain, Greece, Hong
Kong, Ireland, Italy, Japan, the Netherlands, Norway, New Zealand, Portugal, Singapore, Spain, Sweden,
Switzerland, USA.
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